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The  anti-inﬂammatory  potential  of  hydrophilic  polyphenolic-rich  extracts  obtained  from
native Australian  herbs:  anise  myrtle,  lemon  myrtle  and  Tasmannia  pepper  leaf,  and  a
reference sample  bay  leaf,  was  evaluated  using  the  lipopolysaccharide  (LPS)-activated
murine  macrophage  RAW  264.7  model.  Pretreatment  with  all  herbal  extracts  at non-
cytotoxic  concentrations  reduced  the  LPS-induced  protein  levels  of  pro-inﬂammatory
enzymes,  cyclooxygenase-2  (COX-2)  and  inducible  nitric  oxide  synthase  (iNOS).  Concomi-
tant  decrease  in  accumulation  of  their  products,  prostaglandin  E2 (PGE2)  and  nitric  oxide
(NO),  respectively,  was  observed.  A  suppression  of LPS-induced  expression  of COX-2 and
iNOS and  decrease  of NO  and  PGE2 levels  suggests  potential  anti-inﬂammatory  properties
of the  extracts.asmannia pepper leaf
OX-1
OX-2
NOS
Anise myrtle,  lemon  myrtle and  bay leaf  selectively  inhibited  COX-2  and  iNOS enzymes,
while  Tasmannia  pepper  leaf extract  exhibited  a pronounced  inhibitory  activity  toward
COX-1  and  was  the  least  effective  inhibitor  of iNOS. Anise  myrtle  and lemon  myrtle  are
potentially  more  efﬁcient  anti-inﬂammatory  agents  than  Tasmannia  pepper  leaf.
© 2014  Published  by  Elsevier  Ireland  Ltd.  This  is  an open  access  article  under  the  CC
Y-NC-NB
. Introduction
Examining the indigenous use of plant foods may
rovide a wealth of potential candidates for isolation of
ealth-promoting substances and native Australian plants
rovide  an intriguing source. The Australian ﬂora have
eveloped in distinct isolation from other continents as
 result of the separation of the Australian land masses
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from the supercontinent Gondwana and the rest of the
world  over 65 million years ago [1]. The conditions of geo-
graphic  isolation, followed by a warming of the continent
and subsequent onset of aridity, as well as the nutrient
poor soils led to a unique adaptation of plants resulting
in  a more complex ﬂora with approximately 85% of the
vascular plants in Australia being endemic. Over centuries
the  Australian aborigines utilized a large body of edible
plants. Some of these plants were reported to possess
unique nutritious and organoleptic properties [10]. This
characteristic offers opportunities to utilize them in the
development of novel tastes and ﬂavors.
Three endemic Australian herbs: Tasmannia pepper
leaf, anise myrtle and lemon myrtle, which resemble a
bay  leaf, are produced commercially and are been incorpo-
rated  in Australian cuisine. Hydrophilic polyphenolic-rich
extracts obtained from these herbs contain highly bioactive
e under the CC BY-NC-ND license
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ﬂavonoids, phenolic acids and tannins [19]. The dom-
inant compounds of anise myrtle and lemon myrtle
hydrophilic extracts are ellagic acid and derivatives, ellagic
acid  glycosides and ellagitannins, whether chlorogenic
acid, quercetin and derivatives are the major components
of Tasmannia pepper leaf extract. These phytochemi-
cals are reported to possess numerous health-enhancing
properties. For example, ellagic acid is a potent antioxi-
dant, exhibits estrogenic and/or anti-estrogenic activities,
anti-inﬂammatory, antimicrobial and prebiotic effects
[5,14,15,18]. Chlorogenic acid possesses anti-diabetic, anti-
lipidemic  [13] and anti-inﬂammatory capacity [2,21] and
has  radioprotective action [4]. Polyphenolic-rich extracts
of  anise myrtle, lemon myrtle and Tasmannia pepper leaf
suppress the activities of isolated -glucosidase, pancre-
atic  lipase and angiotensin converting enzyme (ACE) [19].
The  same extracts exhibit antioxidant, cytoprotective and
pro-apoptotic activities [20].
Inﬂammation is the normal physiological and immune
response to pathogen invasion and cell injury. During the
inﬂammatory response, immunocytes, such as monocytes
and  macrophages, are activated and secrete inﬂammatory
mediators, such as nitric oxide (NO) and prostaglandin E2
(PGE2), respectively, via the inducible nitric oxide synthase
(iNOS) and cyclooxygenase-2 (COX-2). iNOS and COX-2
are  involved in tumor progression through various mech-
anisms,  including inhibition of apoptosis, stimulation of
angiogenesis and promotion of tumor cell proliferation [3].
Therefore  inhibition of iNOS and COX-2 activities is a viable
approach to inhibit inﬂammation and carcinogenesis and
to  prevent cancer.
To  date no research data is available on anti-
inﬂammatory activities of the indigenous Australian herbs.
Therefore  the objective of this study was to evaluate the
anti-inﬂammatory properties of puriﬁed polyphenolic-rich
extracts obtained from commercially produced anise myr-
tle,  lemon myrtle and Tasmannia pepper leaf using the
lipopolysaccharide (LPS)-activated murine macrophages
RAW 264.7. Commercially available bay leaf was  used as
a  reference sample.
2.  Materials and methods
2.1.  Plant material
Anise  myrtle (Syzygium anisatum Vickery, Craven and
Biffen; AM)  and lemon myrtle (Backhousia citriodora F.
Muell,  Myrtaceae; LM)  were supplied by the Australian
Rainforest Products (Lismore, NSW, Australian). Tasmannia
pepper leaf (Tasmannia lanceolata R. Br., Winteracea; TPL)
was  obtained from the Diemen Pepper (Birchs Bay, Hobart,
Tasmania, Australia). The reference sample bay leaf (Laurus
nobilis  L., Lauraceae) was obtained from Hoyts Industries
Pty. Ltd. (Moorabbin, Victoria, Australia).2.2. Preparation and analysis of polyphenolic-rich
extracts from plant sources
The  polyphenolic-rich extracts were prepared and their
composition evaluated as described previously [19].rts 1 (2014) 385–390
2.3.  Cell culture
RAW264.7 (murine macrophage) cell line was obtained
from the American Type Culture Collection (ATCC,
Rockville, MD,  USA) and cultured in Dulbecco’s Modi-
ﬁed Eagle’s medium (DMEM; Invitrogen) containing 10%
fetal  bovine serum (FBS, Invitrogen Corporation, Carls-
bad,  CA, USA), 100 g/ml streptomycin and 100 units/ml
penicillin (Invitrogen Corporation, Carlsbad, CA, USA) at
37 ◦C, humidiﬁed 5% carbon dioxide (CO2) atmosphere. The
experimental cells were cultured no more than 40 pas-
sages.
2.4.  Western blotting
RAW  264.7 cells (1 × 106 cells) were pre-cultured
in 25 cm2 ﬂasks for 24 h. After 24 h fresh serum-free
medium was added for 2.5 h to eliminate the effect of
FBS.  Subsequently the cells were treated with different
concentrations of polyphenolic extracts in PBS for 1 h
before  exposure to 40 ng/ml LPS for 12 h. Next cell lysates
were  prepared by adding lysis buffer (1 mg.  ml−1 BPB,
0.1% glycerol, 0.1 M DTT, 0.04% pH7.2 SDS, 62.5 mM pH6.8
Tris–HCl). The whole-cell lysates were run on a 4–12%
Bis-Tris gel (NuPAGE, Invitrogen Corporation) and trans-
ferred  to PVDF membrane (Invitrogen Corporation) using
iBLOT  Gel Transfer System (Invitrogen Corporation). After
blocking  nonspeciﬁc sites with 5% non-fat milk powder in
TBS/T,  the membrane was  washed, incubated with primary
antibody, washed again, further incubated with secondary
antibody, washed and incubated with chemiluminescent
alkaline phosphatase substrate (Thermo Scientiﬁc Super-
Signal  West Femto Substrate, Thermo Fisher Scientiﬁc).
Primary rabbit polyclonal antibodies against COX-1, COX-
2,  iNOS and -tubulin, as well as horseradish peroxidase
(HRP)-conjugated anti-rabbit secondary antibody, pur-
chased  from Santa Cruz Biotechnology (Santa Cruz, CA,
USA),  were added at concentrations of 1 l per 1 ml  TBS/T.
The  immunoactive proteins were detected and quantiﬁed
using chemiluminescent imaging system (ImageQuant LAS
4000,  GE Healthcare). The relative densities of COX-1, COX-
2  and iNOS proteins presented in graphs were normalized
to  -tubulin.
2.5. Measurement of nitrite concentration
Nitrite concentration in culture media was determined
by the Griess reaction [24]. Brieﬂy, RAW 264.7 cells (3 × 105
per well) were incubated for 24 h at 37 ◦C in 48-well
plates. The medium was removed and fresh serum-free
medium was added for 2.5 h. Subsequently, the cells were
treated  for 1 h with different concentrations of polyphe-
nolic extracts, which did not suppress the proliferation,
before exposure to 40 ng/ml LPS for 12 h. The culture super-
natants were mixed with equal volumes of modiﬁed Griess
reagent  (Sigma–Aldrich) for 15 min  at room temperature in
the  absence of light. Nitrite concentration was  measured
by  absorbance levels at 540 nm against a sodium nitrite
standard curve.
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.6. Measurement of prostaglandin E2 (PGE2) production
PGE2 concentration in culture supernatant was deter-
ined with a PGE enzyme immunoassay kit (Sapphire
iosciences, Redfern, Australia) according to the manu-
acturer’s instructions. In brief, RAW 264.7 cells (5 × 105
er well) were incubated for 24 h in 6-well plates. The
ld  medium was removed and fresh serum-free medium
as  added for 2.5 h and next the cells were treated for
 h with different concentrations of polyphenolic extracts
efore exposure to 40 ng/ml LPS for 12 h. The level of PGE2
eleased into the culture medium was determined by mea-
uring  absorbance levels at 412 nm against a PGE2 standard
urve.
.7.  Statistical analysis
The  mean of results and standard deviations (SD) were
alculated based on at least three independent evaluations
n  = 3). One way ANOVA followed by Tukey’s post hoc test
ere  performed to assess differences between the samples
t  the level of p < 0.05. Statistical correlation analyses were
erformed using Graphpad Prism 5 (Graphpad Software,
A,  USA).
.  Results
.1. Effect of polyphenolic-rich extracts on iNOS and
OX-2 expression in LPS-induced macrophages
LPS challenge of the RAW 264.7 macrophage leads
o activation of the key pro-inﬂammatory enzymes,
NOS and COX-2 [9,17,25]. In agreement, in the cur-
ent study an enhanced expression of iNOS and COX-2
roteins was observed upon LPS activation (Fig. 1).
re-treatment of the murine macrophage cells with
olyphenolic-rich extracts of herbs applied at non-
ytotoxic concentrations of 100, 200 and 400 g/ml (as
onitored by MTT  assay using 3-[4,5-dimethylthiazol-2-
l]-2,5-diphenyltetrazolium bromide; data not presented),
nhibited the protein expression levels of iNOS and COX-
 in LPS-activated RAW 264.7 cells (Fig. 1). All native
ustralian herbs extracts exhibited a more pronounced
nhibition of COX-2 than iNOS. Pre-treatment with the low-
st  concentration of extracts (100 g/ml) decreased COX-2
ccumulation to its level in non-activated macrophages.
he same level of inhibition was observed at higher concen-
rations of the extracts of 200 and 400 g/ml. In contrary,
he reference sample bay leaf applied at the concentration
f 100 g/ml did not inhibit COX-2, but was active at higher
oncentrations. The effect was dose-dependent.
The expression of COX-1 enzyme has not been affected
y pre-treatment of RAW 264.7 macrophage with bay leaf,
nise  myrtle and lemon myrtle extracts. The pre-treatment
ith anise myrtle and lemon myrtle extracts at the low-
st  concentration of 100 g/ml showed some reduction of
OX-1  accumulation in LPS-activated macrophages to its
evel  in non-activated cells however this has not been con-
rmed  at higher levels and is most probably an artifact
ntroduced by the measuring technique. Tasmannia pep-
er  leaf extract however exhibited a signiﬁcant negativerts 1 (2014) 385–390 387
effect  on COX-1 accumulation and this effect was  stronger
than  the suppression of COX-2 (Fig. 1, TPL).
The inhibitory effects of herbal extracts toward iNOS
accumulation were dose-dependent and statistically sig-
niﬁcant  for all the evaluated extracts. The reference sample
bay  leaf showed a superior effect. Among the native Aus-
tralian  herbs, anise myrtle was the most effective with
90.9% inhibition at the highest concentration, followed by
lemon  myrtle (81.2% inhibition at the highest concentra-
tion) and Tasmannia pepper leaf (37.6% inhibition at the
highest  concentration).
3.2.  Effect of polyphenolic-rich extracts on nitrite
concentration and PGE2 production in LPS-induced
macrophages
The  increase of iNOS and COX-2 expression in
LPS-activated murine macrophage RAW 264.7 was accom-
panied  by the release of large amounts of their products,
respectively, NO and PGE2 (Fig. 2). Exposure of the LPS-
activated RAW 264.7 cells to the polyphenolic-rich herbal
extracts resulted in a concentration-dependent reduction
of  NO (Fig. 2A). Bay leaf extract had the strongest inhibitory
effect and was followed by anise myrtle. This result is
in  agreement with the suppression of iNOS expression
by bay leaf showed above. Each extract produced also a
concentration-dependent decrease in the levels of the COX-
2  product, PGE2 (Fig. 2B), which conﬁrms the inhibitory
effect of herbal extracts toward the COX-2 enzyme.
3.3. Composition of polyphenolic-rich extracts
The compositions of the polyphenolic-rich extracts
evaluated in this study were a subject of our earlier studies
[19].  Table 1 presents the summary of the earlier results
in  order to discuss the relationship between the extracts
composition and their potential physiological activities, as
evaluated  in the present study. Ellagic acid and deriva-
tives were the major compounds of anise myrtle and lemon
myrtle  extracts, contributing, respectively 67% and 46% of
the  mixtures. Both extracts contained approximately 3%
of  quercetin and their glycosides as well as low levels of
myricetin and hesperetin. The composition of Tasmannia
pepper leaf extract was  different, comprising of chloro-
genic acid (29%) and quercetin and derivatives (11%). Traces
of  anthocyanins, cyanidin 3-glucoside and cyanidin 3-
rutinoside, were also detected. Due to the fact that the leaf
of  the investigated native Australian herbs resemble the
well  known bay leaf and they are used in a similar way in
the  Australian cuisine as the bay leaf is used in western
meals, we have selected bay leaf as a reference sample. The
major  phenolic compounds present in bay leaf are reported
to  be simple phenolic acids and ﬂavan-3-ols [22].
4.  Discussion
The present study was  undertaken to evaluate in vitro
the  potential anti-inﬂammatory activities of the leading
commercially grown indigenous Australian herbs, anise
myrtle,  lemon myrtle and Tasmannia pepper leaf, using
the  accepted LPS-induced RAW 264.7 model system.
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 a refer
L: TasmFig. 1. Effect of polyphenolic-rich extracts of native Australian herbs and
in  LPS-activated RAW 264.7 cells. AM:  anise myrtle. LM:  lemon myrtle. TP
p  < 0.05; **signiﬁcant difference with LPS control at p < 0.01.
The results showed that the evaluated polyphenolic-rich
extracts successfully reduced the expression of inﬂamma-
tory  enzymes iNOS and COX-2 in LPS-activated murine
macrophages, and this reduction was accompanied by
the  decrease of nitric oxide (NO) and prostaglandin E2
(PGE2) levels. COX-2 is an inducible enzyme upregulated
at inﬂammatory sites [6], while its isoform COX-1 isence sample bay leaf on the expression levels of COX-2, COX-1 and iNOS
annia pepper leaf. BL: bay leaf. *Signiﬁcant difference with LPS control at
constitutively expressed in most tissues, being respon-
sible for maintaining basal levels of prostaglandins and
many  homeostatic functions [7]. Tasmannia pepper leaf
extract  exhibited inhibitory effect toward COX-1 simulta-
neously with the inhibition of iNOS and COX-2 enzymes.
Anise myrtle and lemon myrtle also effectively inhibited
the  activities of iNOS and COX-2 and suppressed the release
Y. Guo et al. / Toxicology Reports 1 (2014) 385–390 389
Fig. 2. Effect of polyphenolic-rich extracts from native Australian herbs and bay leaf on nitric oxide (NO) (A) and prostaglandin E2 (B) release in LPS-activated
RAW  264.7 macrophage. AM:  anise myrtle, LM:  lemon myrtle, TPL: Tasmania pepper leaf, BL: bay leaf. **Signiﬁcant difference with LPS control at p < 0.01.
Table 1
Phenolic compounds in puriﬁed polyphenolic-rich extracts of anise myrtle, lemon myrtle and Tasmannia pepper leaf (mg/g DW).
Compound Anise myrtle Lemon myrtle Tasmannia pepper leaf
Ellagic acid 153 ± 0.7 102 ± 5.8 ND
Ellagic acid derivativesa 514 ± 10.0 360  ± 27.0 ND
Chlorogenic  acid ND ND 288.2 ± 10.2
Catechin 17.3 ± 4.5 ND ND
Quercetinb,c 29.1 ± 4.9 31.3 ± 6.2 45.6 ± 4.4
Quercetin 3-rutinosidec ND ND 68.3 ± 9.4
Myricetinc 1.04 ± 0.2 1.20 ± 0.2 ND
Hesperetinc 4.10 ± 0.6 5.37 ± 1.1 ND
Cyanidin 3-glucosided ND ND 0.37 ± 0.01
Cyanidin 3-rutinosided ND ND 0.02 ± 0.001
a Ellagitannins and ellagic acid glycosides were quantiﬁed as ellagic acid equivalent following hydrolysis based on the peak area at 250 nm.
oside.
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lb Includes quercetin glycosides with the exception of quercetin 3-rutin
c Myricetin, hesperetin, quercetin and derivatives were quantiﬁed as q
d Cyanidins were quantiﬁed as cyanidin 3-glucoside equivalent.
f the inﬂammatory mediators, NO and PGE2, without sig-
iﬁcant  inhibition of COX-1. Therefore, anise myrtle and
emon  myrtle are more suitable anti-inﬂammatory agents
han  Tasmannia pepper leaf.
Ellagitannins and ellagic acid were the major com-
ounds of anise myrtle and lemon myrtle polyphenolic-
ich extract. Similarly, polyphenolic compounds from
ative to Australia Tasmanian blue gum (Eucalyptus globu-
us)  leaf or Malaysian honey, both containing ellagic acid,
xhibited pronounced anti-inﬂammatory activities in vitro
12,23].  The anti-inﬂammatory activity of ellagic acid based
xtracts  has also been conﬁrmed at in vivo level. Dietary
upplementation of ellagic acid enriched pomegranate
xtract reduced chronic colonic inﬂammation in rats [18],
hile  puriﬁed ellagic acid efﬁciently reduced carrageenan-
nduced inﬂammation in rats through inhibition of nuclear
actor  kappa B (NF-B), inducible COX-2 and suppressing
he accumulation of NO, pro-inﬂammatory cytokines IL-1
nd  TNF-, as well as the induction of glutathione (GSH)
nd  release of the anti-inﬂammatory cytokinin IL-10 [8].
Chlorogenic acid and quercetin derivatives are the
ajor components of Tasmannia pepper leaf polyphenolic-
ich extract (Table 1). This extract reduced LPS-induced
nﬂammatory responses in RAW 264.7 cells. In agreement,
han et al. [21] reported that chlorogenic acid decreased
PS-induced up-regulation of COX-2 at protein and mRNA
evels  in RAW 264.7 cells, which resulted in inhibition of 3-rutinoside equivalent based on the peak area at 370 nm.
PGE2 release by LPS-treated RAW 264.7 cells. The authors
showed that chlorogenic acid signiﬁcantly suppressed the
LPS-induced activation of nuclear factor-kappaB (NF-B)
and  c-Jun N-terminal kinase (JNK)-c-Jun-activator pro-
tein  (AP-1) pathway [21]. Similarly, chlorogenic acid and
quercetin derivatives isolated from pear, Rosa laevigata
Michx, Tithonia diversifolia and blue honeysuckle (Lonicera
caerulea L.) suppressed apoptosis and reduced inﬂamma-
tion in both in vitro and in vivo models [2,11,16,26].
5. Conclusions
The present study demonstrates for the ﬁrst time the
potential anti-inﬂammatory activities of native Australian
herbs polyphenols-rich extracts: anise myrtle, lemon myr-
tle  and Tasmannia pepper leaf. The anti-inﬂammatory
activities occurred through down-regulation of iNOS and
COX-2  enzymes and inhibition of the accumulation of their
respective products, NO and PGE2. This study has shown
that  anise myrtle and lemon myrtle potentially could be
more  efﬁcient anti-inﬂammatory agents than Tasmannia
pepper leaf.Conﬂict of interest
There  is no conﬂict of interest.
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